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Performance of Passive NO, Adsorbent Pd/ZSM-5

PAN Rouxing', YU Qingjun'?, YI Honghong'?, GAO Fengyu'*, MENG Xianzheng', LIU Yuanyuan', TANG Xiaolong'?
(1. Company School of Energy and Environmental Engineering, University of Science and Technology Beijing, Beijing 100083, China;
2. Beijing Key Laboratory of Resource-oriented Treatment of Industrial Pollutants, Beijing 100083, China)

Abstract: The existing NO, post-treatment techniques of diesel vehicle exhaust have a poor performance during the cold start, passive
NO, adsorbent (PNA) is thus proposed. In this paper, Pd/ZSM-5 PNA was obtained by loading 1% Pd onto ZSM-5 zeolite in Si/Al
ratio of 11.5 via incipient wetness impregnation and ion exchange, respectively. The effect of reaction atmosphere (with or without O,
and H,O) on the adsorbed-released NO, performance of PNA with two Pd loading methods was investigated. The mechanism of the
factors affecting the structure properties, Pd species state and acid properties of Pd/ZSM-5 was analyzed by X-ray diffraction, N,
adsorption-desorption isotherm, transmission tlectron microscopy, in-situ diffuse reflectance infrared Fourier transform spectroscopy
and NHj-temperature programmed desorption, respectively. The O, effect in the pretreatment atmosphere was further evaluated. The
results show that there are more NO active adsorption sites with O, in pretreatment and reaction atmosphere during incipient wetness
impregnation, thus improving the NO adsorption capacity of Pd/ZSM-5. In addition, O, promotes the release of NO, at a lower
temperature (~200 °C), and an incipient wetness impregnation method reduces the release temperature to 430 ‘C, which is conducive
to the material regeneration. H,O inhibits NO adsorption, but promotes NO, release capacity at a higher temperature. This work can
provide a reference for the design of high-performance Pd/zeolites. High adsorption-release capacity is the important prerequisite for
the development of high-performance PNA.
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Table 1 NO, adsorption—release performance of Pd/Z5—IM with or without O,

Amount of adsorption or NO Adsorption—release test NO-TPD
release/(wmol-g ™) 200 pL/L(NO+10% (O5+N5)) 200 pL/L(NO+N,) NO-TPD-0,+N, NO-TPD-N,
NO -107.9 ~101.1
100 C NO, 19.5 16.2
NO, -88.4 —84.9
NO -133 64.8 181.0 197.2
100-500 C NO, 84.6 -113 22.0 25
NO, 713 53.5 203.0 199.7

In the table, negative numbers indicate the amount of adsorption of the corresponding pollutants, and positive numbers indicate the amount of release.
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Table 2 Adsorption-release performance of materials under different loading modes and atmospheres

1% Pd/Z5-IM-O

1% Pd/Z5-10N-O

NO, concentration .
Temperature/C

200 PL/L(NO+5% H,0+10%

200 pL/L(NO+5% H,O+10%

-1
/(pmol-g™) 200 puL/L(NO+10% O4/N5) 200 uL/L(NO+10% O,/N5)
Oz/Nz) OZ/NZ)
Amount of adsorption 100 87.1 65.7 432 14.1
Amount of release 100-550 78.0 90.0 325 33.6
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(c) Adsorption-release performance of Pd/Z5-ION-O at 200 uL/L NO, 10% O»/N, (d) Adsorption-release performance of Pd/Z5-ION-O at 200 uL/L NO, 5%

H,0, 10% O2/N;
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Fig.2 Adsorption—release performance of 1% Pd/Z5-IM-O and 1% Pd/Z5-ION-O in a different atmosphere
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Table 3 Materials pore structure

Surface area/( m*-g ") Pore volume/( m*-g™")

Samples

Sper’ Stmicro” Sext’ Vot Vinicro'
H-ZSM-5 342.7 222.5 120.15 0.21 0.12
1% Pd/Z5-IM 329.9 225.6 104.25 0.21 0.12
1% Pd/Z5-ION 348.7 218.3 130.45 0.22 0.12

In the Table, 1 refers to the total surface area of BET; 2 refers to the
micropore area; 3 refers to the external surface area; 4 refers to the total pore

volume; 5 refers to the micropore volume.
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(a) Adsorption NO in situ-DRIFT spectra of 1% Pd/Z5-IM-0 at NO, 10% O,/N,
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(b) Desorption NO in situ-DRIFT spectra of 1% Pd/Z5-IM-O at N,

Fig. 6 Desorption NO in situ-DRIFT spectra of 1% Pd/Z5-IM-0 at 10%0 ,/N, and N,



« 1952 - CREFR Eh22 4D

J Chin Ceram Soc, 2022, 50(7): 1945-1954

2022 4

2) CO in situ-DRIFT A T iE—BiEsE 0, Tl
A FRFIAS[E] Pd F3R 7 A%t Pd R0 A7 AR T S AR
1%, Pd/Z5-IM-O. Pd/Z5-IM-N # Pd/Z5-ION-O
1] CO in situ-DRIFT 1&401& 7 frox. BHIE 7 7T W,
Pd/Z5-IM—O £ Pd/Z5-TON—O 2% 3 H e AR ALk i
Btige, T PA/ZS—IM-N ¥R BROEEFR S B R s . X
400 C
350 C

300 C 187
250 C L 12115

200 C
150 C | |
100 C

o
&
=)

(

2092

Intensity

50°C
25°C N,
25°C

-

2/198 2 145
221721822127 1974 1897
1 1 1 1 1 1

2300 2200 2100 2 000 1900 1 800
Wavenumber/cm™

|
|
|

(a) CO in situ-DRIFT spectra of 1% Pd/Z5-IM at 10% O,/N,

400 C

350 'C

300 'C

250 C_ 2142 E

200 'C
. 150 °C 1881
£ 1100 C —
§ 50 DC /\_/ ﬁ
T . ,/ N m

25 OC CO 2 ]54

2174 2103 1974 1897 1864
2300 I 2200 I 2100 I 2 000 I 1900 I 1 800
Wavenumber/cm™

(b) CO in situ-DRIFT spectra of 1% Pd/Z5-IM at N,
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